The fabrication of polyvinyl chloride (PVC) based cation exchange nano-composite membranes by the solution casting technique using tetrahydrofuran as solvent and tin(IV) antimonophosphate as cation exchanger has been achieved. An ionic liquid (IL), 1-dodecyl-3-methylimidazolium bromide, [C 12 mim] [Br], was used as a filler additive, which has been found to affect the properties of the composite membrane. From X-ray diffraction (XRD), it has been observed that membrane with a mass ratio of tin (IV) antimonophosphate ( 
Introduction
Ion exchange membranes (IEMs) have been utilized as active separators in numerous electrically driven processes like demineralization of sugarcane juice, manufacturing of basic chemical products and environmental remediation such as treatment of industrial and biological effluents. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Due to low energy requirements, these processes are economically viable and advances in membrane technology can make these better than traditional processes, which are energy intensive, environmentally undesirable and costly. [14] [15] [16] Various researchers have used plasticized polymeric substances, generally polyvinylchloride (PVC), 17, 18 polycarbonate (PC) 2,3 and cellulose triacetate (CTA), 19, 20 as a copolymer for the fabrication of ion exchange membranes (IEMs). In the current scenario, ionic liquids (ILs), a new kind of materials which are solely composed of ions and have melting points at least below 100 C, have attracted the attention of researchers around the globe. The basis of such huge interest in ILs lies in some unique physicochemical properties such as high ionic conductivity, nonvolatility, high thermal stability, varying polarity, nonammability and broad electrochemical window etc.
21-23
Owing to these properties, ILs have found a place in various applications such as in catalysis, 24, 25 synthesis, 25 extraction and separation, 26, 27 organic synthesis, and electrolytes in super capacitors, 28 and for dissolution and stabilization of a variety of biomolecules. [29] [30] [31] Besides this, ILs have been successfully tested as electrolytes in various electrochemical devices like batteries, solar cells, fuel cells, supercapacitors etc., [32] [33] [34] [35] due to their better electrochemical stability, high conductivity and good solvation properties. Moreover, ILs have been used for fabrication of proton conducting composite membranes because of their unique physiochemical properties such as high polarity, ionic conductivity, high heat capacity as well as chemical and thermal stabilities. 36, 37 Further, a variety of anion exchange membranes have been reported utilizing the ILs for better performance and stability.
38-41 Guo et al., have reported anion exchange membranes based on the copolymers of 1-allyl-3-methylimidazolium chloride (AmimCl) either with methyl methacrylate (MMA) or butyl methacrylate (BMA) and highlighted the thermal and chemical stability of the membrane including its suitability for alkaline fuel cell. the isopropanol dispersions of quaternized chitosan, followed by anion exchange with OH À . The prepared membrane has been shown to exhibit high anionic conductivity up to a temperature of 80 C along with long term stability in aqueous solutions of KOH. 39 In all these reports, the ILs have been covalently bound with the polymers. It is expected that the weaker interactions between the polymer and constituent ions of IL would affect the morphology, internal structure and performance, especially due to mobility of the ions of IL in the membrane. Similarly, the reports pertaining to preparation of cation exchange membranes are very limited. A heterogeneous cation exchange membrane based on PVC using IL as a plasticizer has been reported, which has shown high transport number.
40
In the present work, nano-composite heterogeneous cation exchange membranes based on inorganic ion exchanger tin(IV) antimonophosphate and 1-dodecyl-3-methylimidazolium bromide, [C 12 mim] [Br], have been fabricated by solution casting technique and phase inversion method. 41 The inuence of varying ratio of IL on physico-chemical, morphological and electrochemical properties of the fabricated membranes has been investigated. Polyvinylchloride (PVC) was used as a lm-forming binder and tetrahydrofuran (THF) as solvent. The novelty of the present work lies in the fact that there exist no report on heterogeneous cation exchange membranes based on tin(IV) antimonophosphate and a long chain IL, 1-dodecyl-3-methylimidazolium bromide, [C 12 mim][Br], which has been found to exert a great inuence on the behavior of synthesized membrane. The use of long chain IL having weaker interactions with the ion exchanger is expected to improve the performance of membrane without leaching out.
Experimental

Materials & methods
1-Methylimidazole (>98%), 1-bromododcane (>98%), tin(IV) chloride (98%), potassium pyroantimonate (AR Sigma Aldrich), and polyvinylchloride (PVC) (AR Sigma Aldrich) have been purchased from Sigma and used without further purication. Phosphoric acid (88-93%) was purchased from Vetec. THF, diethyl ether and acetone (AR Grade) were purchased from Spectrochem, India. The IL, 1-dodecyl-3-methylimidazolium bromide, [C 12 mim] [Br], has been synthesized by using a well established protocol and characterized by 1 H NMR technique.
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The possible structure of prepared Sn(IV) SbP is shown in Scheme 1.
Synthesis of tin(IV) antimonophosphate cation exchanger
Sol-gel method was employed for the synthesis of tin(IV) antimonophosphate ion-exchanger. 0.1 M tin(IV) chloride solution was added to a continuously stirred mixture of 0.1 M potassium pyroantimonate and 0.1 M phosphoric acid solutions at 60 C for 6 h, in the volume ratio 2 : 1 : 1. The gel formed was permitted to stand overnight. The gel was repeatedly washed with distilled water to remove chloride ions. The gel was then ltered and dried in an air oven at 40 C. 43 followed by magnetic stirring for 30 minutes. The mixture was then poured into glass ring tted on a clean and dry glass plate. The solvent was allowed to evaporate overnight at room temperature. The membranes obtained were immersed in distilled water overnight and then in 0.5 M NaCl solution for 48 h.
Characterization of membrane
The physico-chemical characterization of tin(IV) antimonophosphate-IL (SnSbP-IL) nano-composite membranes was achieved by various analytical techniques. The crystalline or amorphous nature of the prepared membrane was tested by using X-ray diffractometer (PAN analytical, system no. DY 3190) in the 2q range .
The surface morphology of the membrane was monitored by Zeiss Ultra 55-Limited edition scanning electron microscope (SEM). Transmission electron microscopy (TEM) has been performed employing JEM-2100 transmission electron microscope at a working voltage of 200 kV without staining the sample. For SEM and TEM measurements, a drop of the suspension of crushed membrane in ethanol was placed on thoroughly cleaned glass surface and carbon coated copper grid (300 mesh), respectively. The samples were dried at 35 C for 24
hours prior to measurement. The water content, membrane porosity, thickness and the ion exchange capacity of the membranes was measured using standard set of procedures as described below. The ion exchange capacity was determined by the titration method. The membrane was placed in 1 M HCl solution for 24 hours to convert its exchangeable groups to H + form. The membrane was then washed with distilled water to remove the excess acid followed by keeping the membrane in 0.1 M NaNO 3 solution for 8 hours. This solution was titrated against 0.01 M NaOH solution using phenolphthalein indicator and IEC was obtained using the following equation.
where N and V are normality and volume in ml of NaOH, respectively, and W is mass in gram of the SnSbP-IL membrane.
Water content of the membranes was measured as the mass difference between the dried and swollen membranes. The wet membrane was weighed and then dried in oven until a constant weight was obtained. The water content was calculated by the following equation:
where W wet and W dry are the mass (g) of wet and dry membrane, respectively. Porosity is regarded as the volume of water incorporated in the cavities per unit membrane volume, and is calculated by the following relation:
where m w and m d are the mass (g) of wet and dry membrane, respectively, L is the thickness of the membrane, A is the area of the membrane, and r w is the density of water. The thickness of the membrane was measured by a vernier caliper. The difference between the average thickness of the membrane equilibrated with 1 M NaCl for 24 h and the dry membrane is a measure of swelling. The electrochemical characterization of the membrane was performed using (digital potentiometer, Systronic 318) and different parameters of interest such as membrane potential, transport number, permselectivity and xed charge density have been deduced. The transport number ( t + ) was calculated from the membrane potential by the following equation:
where R is gas constant, F is Faraday constant, T is absolute temperature, C 1 & C 2 are the concentrations of electrolyte solution in the test cell. The ionic permselectivity of membrane has been calculated on the basis of migration of counter ions through cation exchange membrane i.e. from the transport numbers 47-51 using the following equation:
where t + refers to the value of transport number in the membrane phase and t + is the transport number of counter ions in solution. 
Results and discussion
X-ray diffraction studies
The nature of the prepared membranes as amorphous or crystalline has been investigated using X-ray diffraction (XRD) measurements. Fig. 1 shows the XRD proles of the prepared membranes.
As can be seen from Fig. 1 , the prepared membranes with lower content of IL (M-1 and M-2) as well as relatively higher content of IL (M-5) are no doubt amorphous in nature. However, the membranes at intermediate concentration range of IL (M-3 and M-4) seem to be crystalline in nature. In general, with increase in content of IL up to M-3, the crystallinity of the membrane increases followed by a decrease at higher content of IL (M-5). It is expected that the increased content of IL leads to enhanced interactions between hydrophobic backbone of PVC and long hydrophobic alkyl chain of IL, which results into conformational modication in a way that there is increase in packing density in an ordered manner. This leads to appearance of crystallinity in the membranes. The micro-phase separation (discussed later) in the membrane, especially in case of M-3 and M-4, could also lead to appearance of crystallinity. On the other hand, at very high content of IL (M-5), the IL-IL interactions overcome the IL-PVC interactions, thereby again resulting in amorphous nature of the membrane. The crystalline nature of the membrane has been found to affect various characteristic properties of the membrane, which is discussed later.
Surface morphology of composite membranes
The surface morphology of the prepared membranes has been monitored by scanning electron microscopy (SEM). Fig. 2(A-E) shows the SEM images of the prepared membranes. All the nano-composite membranes seems to be composed of small globular particles (inset of Fig. 2A ) having size z 20-50 nm, associated with each other. It has been observed that while going from M-1 to M-4, the porous nature of the composite membranes increases as evidenced by enhanced cracks at the surface of membranes by SEM measurements. It is natural to assume that the inefficient packing of small globular particles leads to porosity in the membranes. With further increase in content of IL (M-5), again the porosity seems to decrease. Such variation in porosity with variation of IL content is expected to have drastic effect on other physico-chemical properties of the prepared membranes. Further, a careful examination of the nano-composite membranes reveals the presence of additional nano-particles, which are spherical to triangular in shape, on the surface of M-3 and M-4 only, as can be seen from inset of Fig. 2C and D, respectively. The appearance of these particles at surface indicates the nano-phase separation in the membranes. Further, the appearance of crystallinity in M-3 and M-4 as indicated by XRD measurements (Fig. 1) is attributed to the presence of these nanoparticles.
Transmission electron microscopy
Fig . 3A -E shows the transmission electron microscopic (TEM) images of the prepared nano-composite membranes. As can be seen from Fig. 3A -E, all the membranes seem to be porous in nature, where network like structures appear. A careful examination of Fig. 3A and B reveals that the nano-composite membranes are composed of interconnecting network of near spherical to partially elongated nanoparticles of dimension z 40-50 nm, making a mesh like structure. On the other hand, the nano-composite membranes prepared by doping of high IL content i.e. M-3 to M-5 are observed to be composed of relatively elongated rod like particles interconnected with each other. Inset of Fig. 3B -E conrms the presence of these elongated structures.
The selected area electron diffraction (SAED) pattern of the prepared membranes is shown in inset of their respective TEM images (Fig. 3A-E ). The SAED pattern shows the presence of two bright rings that is in line with two broad peaks observed from XRD studies in case of M-1 to M-5. Further the brightness of the diffraction rings increases while going from M-1 to M-3, whereas it relatively decreases in case of M-4 and M-5. This observation supports the enhancement in crystallinity of the nano-composite membrane with increase in content of IL till M-3, aer which, the crystallinity again decreases. The contradiction between the observance of a large number of diffraction peaks from XRD measurements and only two diffraction rings from SAED pattern, especially in case of M-3, appears to be due to presence of near spherical to hexagonal nano-particles as also observed from SEM measurements (Fig. 2C and D) . These nanoparticles are expected to be highly crystalline, giving rise to a large number of diffraction peaks in XRD pattern. We observed these nanoparticles (Fig. 3F) and found them to be highly crystalline as indicated by their diffraction pattern. The appearance of crystallinity in the membranes at particular IL concentrations (M-3 and M-4) can be attributed to the dominating hydrophobic interactions between the alkyl chain of the IL surfactant and hydrophobic chain of the binder along with the electrostatic interactions between the IL head group and the ion exchanger. This expectedly leads to an ordered arrangement of these three components in the membrane. The imbalance of this set of interactions at a very low or higher content of IL disturbs such ordering. At lower concentration of IL, the prevailing interactions seem to be weak due to low number density of IL, whereas at higher concentration, there could be enhanced hydrophobic interactions between alkyl chains of IL itself. This whole process regarding creation of homogeneous crystalline nano domains in the heterogeneous membranes is proposed in Scheme 2. 
Water content and porosity of the membranes
The data describing the composition and effect of loading of different amount of IL, 1-dodecyl-3-methylimidazolium bromide, [C 12 mim][Br], on key physico-chemical properties such as thickness, water content, IEC (for Na + ) and porosity of the prepared membranes i.e. M-1 to M-5 is shown in Table 1 . As can be seen form Table 1 , the thickness of the membranes does not change with varying IL content, which indicates the uniform distribution of IL into the membrane. Interestingly, the water content decreases from 18.2% to 10.0%, while going from M-1 to M-5. The porosity of the prepared membranes has been found to increase with increase in content of IL as also revealed by SEM investigations. The enhanced interactions between alkyl chains of IL, similar to that in a micelle forming large aggregated structures, could lead to increase in porosity. Such increase in porosity provides more space for water molecules to escape and thus is supposed to decrease the water content of the membrane with increase in content of IL. On the other hand, the increasing amount of IL, [C 12 mim] [Br] having a long hydrophobic alkyl chain could lead to increased interactions between hydrophobic alkyl chain and hydrophobic back bone of PVC, driving out the water of hydration.
Ion exchange capacity
The behavior of prepared membranes is closely related to their structure, especially the spatial distribution of the ionic sites. In heterogeneous ion exchange membranes, ion exchange capacity mainly depends on the content of ion exchanger. With the increase in the content of IL in the membranes, the ion exchange capacity of the fabricated membranes decreases from 1.15 to 0.72 (meq g À1 ) as shown in Table 1 . The decrease in ion exchange capacity with the increased loading of IL may be attributed to the increased interactions between imidazolium cation of IL with the negatively charged group of ion exchanger. These interactions between IL and ion exchanger seems to be stronger as compared to that between ion exchanger and incoming Na + . Thus, Na + remains inaccessible to ion exchanger.
With more loading of IL in the matrix, the availability of functional groups in the exchanger decreases further, and this causes the ion exchange capacity to decrease with increase in loading of IL, which is also supported by the decrease in water content of the membranes with increased loading of the IL. It is assumed that the [C 12 mim] + of IL remains in an ordered arrangement, which could align PVC and the exchanger with them leading to enhancement in crystallinity with increasing content of IL.
Electrochemical characterization
The electrochemical characterization of the synthesized membranes was carried out in monovalent (NaCl) and bivalent (BaCl 2 ) ionic solutions. Membrane potential and transport number of Na + and Ca 2+ has been measured and their variation with concentration of electrolyte is provided in Fig. 4 (a and b) and 5(a and b), respectively. Membrane potential (Fig. 4 ) and transport number (Fig. 5 ) values at different concentrations of both the electrolytes have been found to be highest in case of membrane M-3 as compared to other membranes. This may be due to higher crystallinity of M-3 as compared to other membranes, which provides suitable ionic pathways for the movement of ions.
It is important to mention that both membrane potential and transport number of Na + as compared to that of Ba bivalent ionic solution in comparison to that of monovalent ions can be explained by the formation of stronger bonds by bivalent ions with the functional groups of the ion exchanger, which leads to decrease in membrane potential, transport number and xed charge density.
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Actually, the electrostatic attraction of bivalent ions with xed oppositely charged sites prevents the dissociation of cations from the functional groups on the ion exchanger. In addition, larger size of bivalent ions in comparison with that of monovalent ions prevents the penetration of bivalent ions in the pores of ion exchanger, leading to lower values of membrane potential, transport number and xed charged density.
50,53 Fig. 6a and b show the variation of permselectivity and xed charge density as a function of concentration for Na + and Ba 2+ ions, respectively. Both permselectivity and xed charge density follow the same trend with respect to variation in composition of membrane as followed by membrane potential and transport number. Further, the observed values of xed charge density (Fig. 6b ) indicate that larger part of internal xed charge is inactive. The higher xed charge density of the membrane for sodium ions is attributed to its smaller hydrated ionic radius as compared to that of barium ions. , the fabricated membranes show higher crystallinity due to enhancement of packing density and nanophase separations in the membrane. The nano-composite membranes consist of partially elongated nano particles forming a mesh like structure. IL capable of having hydrophobic as well as electrostatic interactions with the PVC and ion exchanger is responsible for creating crystalline homogeneous nano-domains in the heterogeneous membranes. This is expected to provide thermal and mechanical strength to the membrane as well as conserving the membrane structure and morphology upon water intake. 54 The ion exchange capacity and water content of the membranes decreases with increase in loading of IL due to increased interactions between imidazolium cation of ionic liquid with negatively charged group of ion exchanger up to a moderate (M-3) concentration of IL, whereas the increased hydrophobicity of membrane at higher IL content leads to such decrease. The values of various electrochemical properties of the membranes were observed to be higher for Na + as compared to that of Ba 2+ , due to formation of stronger bonds by bivalents ions with the functional groups of the ion exchanger.
Conclusion
